Study Design. Retrospective study of a prospectively gathered database. Objective. To investigate the incidence and pattern of thoracic and lumbar (T and L) spine injuries among elderly subjects involved in motor vehicle collision (MVC). Summary of Background Data. Adults age 65 and older currently constitute more than 16% of all licensed drivers. Despite driving less than the young, older drivers are involved in a higher proportion of crashes. Notwithstanding the safety features in modern vehicles, 15.8% to 51% of all T and L spine injuries result from MVCs. Methods. Crash Injury Research and Engineering Network database is a prospectively maintained, multicentered database that enrolls MVC occupants with moderate-to-severe injuries. It was queried for T and L spine injuries in subjects 65 and older. 142 Crash Injury Research and Engineering Network files for all elderly individuals were reviewed for demographic, injury, and crash data. Each occupant's T and L injury was categorized using a modified Denis classification. Results. Of 661 elderly subjects, 142 (21.48%) sustained T and L spine injuries. Of the 102 major injuries, there were 63 compression, 20 burst and 12 extension fractures. Seatbelt use predisposed elderly subjects to compression and burst fractures, whereas seatbelt and airbag use predisposed to burst fractures. Deployment of airbags without seatbelt use appeared to predispose elderly subjects to neurological injury, higher Injury Severity Score, and higher mortality. Occupants using 3-point belts who had airbags deployed during the collision had the lowest rates of fatality and neurological injury. Conclusion. T and L spine injuries in the elderly are not uncommon despite restraint use. Whereas seatbelts used alone and in conjunction with airbag deployment reduced fatalities and neurological injuries in the elderly, deployment of airbags in occupants without seatbelts predisposed to more severe injury.
Study Design. Retrospective study of a prospectively gathered database. Objective. To investigate the incidence and pattern of thoracic and lumbar (T and L) spine injuries among elderly subjects involved in motor vehicle collision (MVC). Summary of Background Data. Adults age 65 and older currently constitute more than 16% of all licensed drivers. Despite driving less than the young, older drivers are involved in a higher proportion of crashes. Notwithstanding the safety features in modern vehicles, 15.8% to 51% of all T and L spine injuries result from MVCs. Methods. Crash Injury Research and Engineering Network database is a prospectively maintained, multicentered database that enrolls MVC occupants with moderate-to-severe injuries. It was queried for T and L spine injuries in subjects 65 and older. 142 Crash Injury Research and Engineering Network files for all elderly individuals were reviewed for demographic, injury, and crash data. Each occupant's T and L injury was categorized using a modified Denis classification. Results. Of 661 elderly subjects, 142 (21.48%) sustained T and L spine injuries. Of the 102 major injuries, there were 63 compression, 20 burst and 12 extension fractures. Seatbelt use predisposed elderly subjects to compression and burst fractures, whereas seatbelt and airbag use predisposed to burst fractures. Deployment of airbags without seatbelt use appeared to predispose elderly subjects to neurological injury, higher Injury Severity Score, and higher mortality. Occupants using 3-point belts who had airbags deployed during the collision had the lowest rates of fatality and neurological injury. Conclusion. T and L spine injuries in the elderly are not uncommon despite restraint use. Whereas seatbelts used alone and in conjunction with airbag deployment reduced fatalities and neurological injuries in the elderly, deployment of airbags in occupants without seatbelts predisposed to more severe injury. Key words: airbags, CIREN, elderly, injury severity, motor vehicle collision, spinal cord injury, spine trauma. Level of Evidence: 4 Spine 2016;41:32-38 A dults above the age of 65 constitute at least 16% 1 of drivers in the United States. It has been shown that older drivers have more crashes per driver's license than the young, and are more likely to be involved in collisions involving other vehicles. 2 The morbidity and mortality from motor vehicle collisions (MVCs) remains high in the elderly, despite improvements in vehicle safety and despite mitigating factors in this group such as avoiding driving in poor weather, driving fewer miles than younger drivers, 2 and an increased likelihood of seatbelt use. 3, 4 Studies have found that those over 65 have higher mortality after traumatic injury compared with younger subjects despite similar Injury Severity Scores (ISS), 5 due to an increased incidence of complications in the older group. 6, 7 Several studies, 3, 8 including a 2014 study by the Institute for Highway Safety have found that elderly drivers who sustain trauma in MVC are more likely to die than younger drivers, though the gap has narrowed between 1995 and 2012. 9 Factors resulting in an increased risk of fatality in the elderly include male sex, 4,10,11 roadways with higher speed limits, 10 side impacts, 12 ejections, 10 and more than 70 years old. 13 Previous studies on thoracic and lumbar (T and L) spine injury in the elderly have focused on fractures after falls, 14 -17 studying thoracolumbar junctional injuries alone, 18 restricted to injuries from frontal impacts 18 -21 or front seat occupants 18, 20 and have few/no elderly subjects. 18, 19 Other limitations include single hospitalreported data, 18, 19 absence of correlation with airbag deployment, 18, 20 small numbers in patient population, 19, 22 or use of databases with insufficient data to provide accurate correlation of clinical-radiographical findings with crash characteristics. 23 In this study, we reviewed a multicenter national database of MVC, providing comprehensive crash and occupant information in a large number of moderate-to-severely injured subjects from Level 1 Trauma centers. Our objectives were to determine the types and mechanisms of injuries sustained to the T and L spine in elderly motor vehicle crash victims and to study the associated morbidity incurred by these subjects. Clinical and imaging data were analyzed and fracture patterns correlated with demographic data and vehicle and crash characteristics.
MATERIALS AND METHODS
Crash Injury Research and Engineering Network (CIREN) database is a prospective database of MVC maintained by US Department of Transportation. Only occupants sustaining at least moderately severe systemic injuries, with an Abbreviated Injury Score (AIS) of 3 or more 24 irrespective of injury region or AIS score of 2 in at least 2 different body regions, are included. De-identified information on vehicle occupants is obtained from hospital records. Impact and engineering data are inputted by trained engineers after vehicle inspection, road and physical environs of MVC. The database was queried for T and L spine injuries between 1996 and 2011.
Among 4572 occupants 661 were 65 years and older, out of whom 142 sustained T and L spine injuries. CIREN files for all 661 individuals were reviewed for demographic, injury, and crash data. Demographics included age, sex, body weight, height, and body mass index (BMI). Information on T and L spine injuries included type and level of injury, and type and level of neurological injury. Information on extraspinal injuries included AIS in each body region (head, face, neck, chest, abdomen, spine, upper extremity, and lower extremity) 24 and ISS. 5 AIS scores of 2 or greater (moderate-to-severe injuries) were considered while studying associations of systemic injuries. ISS, maximum AIS score, and occurrence of fatality were recorded. Severity of any neurological deficit was recorded using ASIA Impairment Scale. 25 Crash data included vehicle make, model and year of manufacture, seat type and orientation, seatbelt type (3-point or 2-point lap belt), seatbelt usage, and whether seatbelt was used appropriately. Seatbelt usage was determined using witness marks on belt webbing and points of friction/stretch of the belt; clinical photographs showing belt-induced bruises or injury; and police reports corroborated by reports of the Emergency Medical Services involved in extrication. Airbag deployment status was recorded.
Radiographs, computed tomography images with sagittal and coronal reconstructions, and magnetic resonance images (where available) of T and L spine for each occupant were reviewed by 2 spine surgeons. Each occupant's T and L spine injury was classified according to a modification of the Denis classification. 26, 27 Vertebral level of each injury was noted, and major injuries were categorized by level into: thoracic (T1 to T10-11), thoracolumbar junction (T11-L2), and lumbar (L2-L3 to L5-S1) ( Table 1) . Major and minor injuries occurred with roughly same incidence in males and females. 84 of 142 occupants sustained 102 major, whereas 58 sustained minor T and L spine injuries. 81 of 84 occupants sustained fractures, which were restricted to either the thoracic or lumbar region, whereas 3 occupants had concomitant injury in both T and L regions. Information on the vertebral level was available on 100 of 102 major T and L spine injuries. 37 of 102 (36.27%) major injuries occurred to thoracic spine (T1-T10), 39 of 102 (38.24%) to thoracolumbar junction (T11-L2), 24 of 102 (23.53%) to lower lumbar spine (L3-L5), and 2 of 102 (1.96%) occurred in an unspecified location in thoracic 13 of 142 (9.15%) occupants with T and L spine injury sustained neurological injury secondary to spinal fracture. All 13 subjects sustained major T and L spine injuries. 9 of 13 had incomplete cord injuries (ASIA B-D), whereas 4 had complete injuries (ASIA A). 3 occupants (1 major thoracic spine injury and 2 transverse process fractures in the T and L spines) developed cervical cord injuries, all of which were incomplete, and excluded from present consideration of neurological T and L spine injury. 95.07% (135/142) of all subjects with T and L spine injury sustained at least 1 additional extraspinal injury with an AIS 2 or more. Chest injury was most common, occurring in 72.54% (103/142) of subjects with T and L spine injury, followed by lower extremity (38%; 54/142), pelvis (33%; 47/142), head (32%; 46/142), abdomen (30%; 42/142), cervical spine (22%; 31/142), and the face (11%; 16/142). Subjects with minor T and L spine injuries had a higher percentage/ proportion of associated/concomitant injuries to other body regions than those with major T and L spine trauma (Table 2) . Cervical injuries occurred concurrently with major and minor T and L spine injuries with approximately equal frequency (21.43%; 18/84 vs. 22.41; 13/58%, Table  2 ). The mean ISS of elderly with T and L spine injuries was 25.22, and similar in those with both major and minor T and L spine injuries: 24.40 and 26.40. The fatality rate was 17.61% (25/142). Fatality was higher in the elderly with major T and L (21.43%; 18/84) than with minor T and L spine injuries (12.07%; 7/58). Concomitant injuries (AIS score !2) in fatalities were most prevalent in chest (92%; (Table 3) . 3-point belted occupants had a mean ISS ¼ 23.65, incidence of fatality of 14.74% (14/95), and incidence of neurological injury of 7.37% (7/95;1 ASIA A, 6 ASIA B-D). ISS of unbelted was 30.12, incidence of fatality was 24.00% (6/ 25), and incidence of neurological injury was 16% (4/25; 2 ASIA A, 2 ASIA B-D). Among the 4 2-point belted subjects, mean ISS was 40.00, incidence of fatality was 50% (2/4), and incidence of neurological injury was 25% (1/4, 1 ASIA A). Of the 95 injured 3-point belted elderly subjects, 61 (64.21%) sustained major T and L, whereas 34 (35.79%) sustained minor T and L spine injuries (Table 3 ). These rates of major versus minor injuries sustained in the belted elderly group were similar to rates in the unbelted elderly. Of the 25 injured unbelted elderly subjects, 15 (60%) sustained major T and L, whereas 10 (40%) sustained minor T and L spine injuries. Although numbers were small, subjects with 2-point seatbelts were more likely to sustain major injuries (3/4; 75%) than minor injuries (1/4; 25%).
RESULTS

Of
Airbags deployed for 90 of 142 elderly subjects (Table 4) . Airbags did not deploy for 30 subjects, and status not recorded for 22 subjects. Among those for whom the airbag deployed, major injuries (68.89%; 62/90) were more common than minor injuries (31.11%; 28/90). ISS was higher in subjects in airbags deployed (n ¼ 90; 25.74) than airbag not deployed cases (n ¼ 30; 22.77). Incidence of fatality was higher without than with airbag deployment (23.33%; 7/30 vs. 15.56%; 14/90). Neurological injury occurred with same frequency in both groups (10%; 9/90 vs. 10%; 3/30), and airbag deployment did not appear to predispose subjects to a type of major fracture: compression in 68.75% (33/48), burst in 78.95% (15/19) , and extension fractures in 75% (9/ 12).
There were 21 3-point belted elderly subjects, where airbags did not deploy (Table 5) . Mean ISS for this group was 22.62. Of these, 61.9% (13/21) sustained major injuries, 38.09% (8/21) sustained minor injuries, 23.81% (5/21) died, and 14.29% (3/21) sustained a spinal cord injury. There were 70 elderly subjects who were restrained by 3-point seatbelts while their airbags deployed. Mean ISS in this group was 23.11. A higher percentage of elderly in this group (67.14%; 47/70) sustained major T and L injuries, whereas fewer sustained minor T and L spine injuries (32.86%; 23/70) when compared with the group restrained solely by 3-point belt. Fatalities (5.71%; 4/70) and neurological injury (4.29%; 3/70) also decreased compared with the group restrained solely by the 3-point seatbelt. 16 elderly subjects had their airbags deployed, but were unbelted. ISS in this group was 32.06, and fatalities and neurological injury were generally higher in this group than those using seatbelts with/without airbag deployment (31.25%; 5/16 and 25%; 4/16). This group was more likely to sustain major T and L injury (68.75%; 11/16) than minor T and L injuries (31.25%; 5/16).
DISCUSSION
There are currently more than 35 million licensed older drivers, with many planning on driving into their 9th 1 Recent data show fatality rate in drivers more than 65 years is higher than in both the 35-to-54 and 55-to-64-year-old age groups. 1 Another recent study from the Insurance Institute for Highway Safety reported that older drivers are 3.2 times more likely to die in MVC. 9 There is little information on T and L spine injury in the elderly after MVC¡ despite the fact that between 15.8% and 51% of all T and L spine injuries result from MVC. [33] [34] [35] [36] [37] CIREN database provides detailed data on demographics, injury, and crash characteristics. During a 16-year period, individuals more than 65 years constituted 14.46% of this database. Despite improved safety features and mandatory seatbelt requirement, present results show that 21.48% of elderly occupants involved in MVC sustain T and L spine injuries. Exclusion of subjects with low grade injury from the database suggests that the true number of subjects with any T and L spine injury from MVC may be even higher.
For unclear reasons, extension injuries of the T and L spine have rarely been reported. Absence of ''extension injuries'' as a subgroup in the commonly used Denis classification system may be a factor, biasing physicians to classify injuries into one of the other categories. Although improvements in imaging might allow more accurate determination of patterns of injury, it is also possible that extension injuries are occurring more frequently in older drivers, related in part to drivers who sit close to the steering wheel 38 with stiff spines, 39, 40 decreased bone mineral density, [41] [42] [43] low chest wall and rib cage compliance, 44, 45 increased thoracic kyphosis, 46 and increased anteriorposterior rib cage diameter. 47 Present data showed 12 of 142 older subjects sustained extension pattern injuries; to the authors' knowledge, this is the largest cohort of extension pattern injuries in older subjects. 11 of 12 subjects in this study with extension injuries were restrained by seatbelts or airbags, with the highest likelihood of sustaining an extension injury to the thoracic spine occurring in subjects who had airbags deployed, but who were unbelted. The authors postulate that the extension moment from a deploying airbag, superimposed on low bone mass and reduced chest compliance results in a higher likelihood of thoracic extension injuries in elderly subjects involved in MVC. High BMI has been associated with T and L extension injuries because the extra body weight adds to the hyperextension force placed upon the spine as the body decelerates from impact. 48 Prior studies have reported on the success of 3-point restraints in reducing the incidence of spinal cord injury in general 18, 19 and more specifically in the elderly. 49 The present study agrees with these reports, and found the lowest incidence of spinal cord injury in the subgroup where both 3-point belts and airbags were used (4.29%; 3/70). On the other hand, airbag deployment in unbelted subjects was associated with the highest rate of neurological injury (25%; 4/16). Seatbelt use limits forward motion of the occupant in a frontal crash and acts in conjunction with the airbag to mitigate injuries. Previous research has shown that deployment of airbags by themselves is more likely to cause neurological injury compared with subjects using both seatbelt and airbag or subjects using no restraints. 49 In addition to increasing incidence of neurological injury, elderly subjects exposed to airbag deployment without seatbelt use in a MVC were more likely to have injury to the chest, higher ISS, and higher mortality. These results, and others, showing similar predisposition to a variety of bodily injury from airbag deployment 23, 49, 50 suggest that further consumer education is indicated on the potential risk of airbag-related injury after MVC in unbelted subjects.
2-point seatbelts have been associated with ''seatbelt'' flexion-distraction injury, often associated with abdominal wall ecchymosis and intestinal lacerations. [51] [52] [53] [54] [55] [56] 3-point seatbelts, with an added diagonal torso strap, have also been associated with injury. [18] [19] [20] 22 Studies have reported that the restraint against forward thrust provided by the shoulder portion of a belt straightens the kyphotic thoracic spine, creating axial loads, transmitted to lower spinal segments. 57 Elderly drivers are particularly at risk for T and L spine wedge compression fractures in this scenario. 58 In addition to axial loading, shoulder strap creates a rotational component resulting in anterolateral wedge fractures on the side of the unrestrained shoulder. 22 Present data seem to 
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Spine Fractures in the Elderly Rao et al support these postulates using a broader database with a large number of elderly occupants. In unbelted elderly subjects, compression fractures occurred 28%, but occurred in 40% of 3-point belted subjects. Burst fractures occurred in 15% of elderly subjects wearing 3-point seatbelts, but only 8% of subjects without seatbelts. A limitation of this study is the use of nonpopulationbased data. However, the present clinical/mechanistic-type analysis is not possible with population-based databases because their medical data generally lack details. This recognition indicates a need for gathering more medical data in epidemiological databases to more accurately extrapolate to national estimates. Further, results from the present study are restricted to spinal injury from MVC and cannot be extrapolated to all mechanisms of injury. Current use of 65 years to define elderly may be a limitation as studies have used different ages. Vehicle occupants have been defined to be elderly or older when the age is more than 70 years, 59 65 years, 60,61 60 years, 62 or 50 years, 63 and some studies have interpreted the cutoff at 40 years. 64 The United Nations' cutoff of 60þ years refers to the older/elderly population. 65 An earlier frontal impact study represented younger, middle, and 'older' populations with 25, 45, and 65 years, 66 and the latest NCSA study used 65 years to define older populations. 1 The use of 65 years in the present study to define the elderly population is reasonable and applicable to future environments. Although the sample size included 25 fatal occupants, all occupants who were dead on arrival with T and L spine injuries may not have been included in the present study. This was due to varying institutional review board policies and system treatment of fatal trauma at the various CIREN centers. Because the study was not randomized, routine statistical processes used in conventional epidemiological analysis studies could not be adopted. From this perspective, results should be considered descriptive. Notwithstanding these limitations, the large sample size, multicenter nature of the database, and availability of detailed occupant and crash data provide a valuable dataset to characterize elderly injury patterns from MVC, understand crash-related causative factors, and understand the association with systemic injury that frequently determines overall morbidity and mortality from these injuries.
Key Points
15% of motor vehicle occupants who sustain injury to the T and L spine are over the age of 65. Morbidity and mortality from MVC remains high in the elderly, despite improvements in vehicle safety and safer driving patterns. Most occupants with injury to the T and L spine sustained injury to other body regions.
The use of seatbelts with concurrent airbag deployment was beneficial, whereas airbag deployment without seatbelt use was more likely to lead to injury to the chest, higher injury severity, and higher mortality.
